Sample question answers
1a. Big O notation describes the relationship between performance or efficiency of an algorithm in terms of how it scales with input size. It provides a high-level understanding of the algorithm’s behaviour by focusing on the most significant factors affecting its growth rate. Big O notation emphasises the most significant performance limiter as input size grows, ignoring negligible lower-order terms, such as constants. As such, software engineers are able to make informed decisions about algorithms by comparing their relative performance.
1b. In order:
O(1)
O(n)
O(log n)
O(n log n)
O(n2)
O(n3)
O(n!)
O(2n)
1c.
Constant time: accessing an array element.
Logarithmic time: traversing a binary tree.
Linear time: looping through elements in an array.
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3. A graph is a generalised data structure consisting of a set of nodes, called vertices, connected by edges. These edges can either be directed (pointing from one vertex to another) or undirected (connecting vertices in both directions). Directed vertices are often called arcs. Graphs can be structured in various ways, allowing vertices to connect to any number of other vertices. They can also form cycles, where a path through the graph loops back to a previously visited vertex. Traversal or searching in a graph typically involves algorithms such as Depth-First Search (DFS) or Breadth-First Search (BFS), which explore paths systematically. Graphs are versatile and are used to model a wide range of real-world relationships, such as networks, dependencies, or routes. Finding the best path through a graph requires the use of a pathfinding algorithm, such as Dijkstra’s algorithm or the A* pathfinding algorithm.
In contrast, a binary tree is a hierarchical structure where each node has at most two children, referred to as the left and right child. It always begins with a root node and maintains a strictly acyclic structure, meaning there are no loops or cycles. Binary trees are a specific subset of graphs but with a clear parent-child relationship that defines their hierarchy. Traversal methods for binary trees are more specialised and include Inorder, Preorder, and Postorder traversal, which are used to visit nodes in a specific sequence depending on the application. Binary trees are often used for tasks like searching, sorting, or parsing, especially when they have additional constraints, such as in a Binary Search Tree (BST), which enforces an order among nodes. More advanced pathfinding techniques are not required for binary trees.
In conclusion, while graphs offer a flexible, interconnected structure that can handle cycles and a varying number of connections per vertex, binary trees impose strict rules on structure and hierarchy. Traversal methods for both differ, reflecting their use cases: graphs for modelling networks and relationships, and binary trees for hierarchical or sorted data.

4a. A std::set is a container provided by the Standard Template Library (STL) that stores unique elements in a sorted order. It is implemented as a balanced binary search tree. Extra credit: knowing that this is typically implemented as a red-black tree.
4b. A std::vector is a dynamic array container provided by the Standard Template Library (STL). It is designed to manage a collection of elements stored contiguously in memory, offering efficient access and manipulation. Because it is a managed array, it is very inefficient when growing or shrinking the vector, because it operates by creating a new array and copying the data.
4c. A std::list is a container provided by the Standard Template Library (STL) that implements a doubly linked list. It is designed for scenarios where frequent insertion and deletion operations are needed at arbitrary positions within a collection, and random access is not a priority.
4d. A std::vector has excellent access performance of O(1), but poor performance for insertion, deletion and searching of O(n). A std::set has middling performance for insertion, deletion and access, but excellent performance, for search, all of which are O(log n). A std::list has poor performance for access and search of O(n), but excellent performance for insertion or deletion of O(1), as long as you know the position you will be inserting into or deleting from. If you need to find the place you will insert into or delete from first, this performance degrades to the search performance of O(n).
As such, vectors are best used for operations which are access-heavy, and which benefit from reading the data (ideally to optimise for cache hits) by index. A set is best used where you want stable performance between insertion, deletion and access, but are likely to want to search the data (which you effectively do to perform any other operation). A list is best used where you will primarily be working at either end of the data and will not want to search the data excessively.
5. Polymorphism is a fundamental concept in object-oriented programming that enables objects of different types to be treated uniformly under a common base class. This enables flexibility, allowing developers to write generic, reusable code that adapts dynamically to specific implementations.
By using polymorphism, code becomes more maintainable and easier to extend. Changes to a system can often be localised to specific subclasses or implementations, without requiring modifications to the overarching logic that uses these objects. This ability to extend behaviour aligns with the Open-Closed Principle from the SOLID design principles, which states that software entities should be open for extension but closed for modification. For instance, adding a new type of object requires defining a new subclass, but does not affect the existing code that interacts with it through the base interface.
Polymorphism also reduces code duplication and increases flexibility by enabling developers to write general-purpose algorithms. These algorithms can operate on objects of any type if they conform to a shared interface or base class. This approach enhances modularity and promotes decoupling, allowing systems to evolve more easily. Decoupling is particularly important for maintaining adherence to the Dependency Inversion Principle, another pillar of the SOLID principles, which emphasises relying on abstractions rather than concrete implementations.
Additionally, polymorphism ensures that objects of derived classes can replace objects of their base class without affecting the correctness of the program, which is the Liskov Substitution Principle. This guarantees that polymorphic behaviour remains consistent across different types of objects. By adhering to these principles, polymorphism allows systems to grow organically while preserving clarity and stability in their design.

In conclusion, polymorphism is a powerful mechanism for managing complexity in software systems. It provides a means to write adaptable, reusable, and maintainable code while reducing duplication and promoting flexibility. When used effectively, it ensures adherence to key design principles such as the Open-Closed Principle, Dependency Inversion Principle, and Liskov Substitution Principle, making it an important tool in modern software development.
